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Abstract 
The purpose of this study is to determine indicators in the assessment of forest and land fires vulnerability in Jambi Province. The 
parameters are derived from Landsat-5 TM data such as Normalized Difference Vegetation Index (NDVI), Normalized 
Difference Water Index (NDWI), surface temperature, and air temperature. MODIS hotspot data is also employed as the key 
parameter of fire occurrence. There are three scenarios used in this research and each of them has different weight in WLC 
(Weighted Linear Combination): 1) same weight for all parameters, 2) weight of NDWI two times greater than weight of others, 
and 3) weight of NDVI (0.1) < weight of air temperature (0.2) < weight of surface temperature (0.3) < weight of NDWI (0.4). 
Enforcement of those three scenarios is aimed to see the consistency of each parameter on fire vulnerability. Partially, NDVI and 
NDWI provide greater contribution to the level of vulnerability. It can be seen that their determination coefficients (R2) are 
higher than the air and surface temperature. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
Keywords: forest and land fires vulnerability; Landsat-5 TM; MODIS; WLC 
1. Introduction 
Land and forest fire is one of the common problems in Indonesia, which cause various adverse effects on the 
functions of forest and land. Some of the impact such as health problems for people live around the burning area, the 
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loss of biodiversity, the decline of the economic value of forests, and the climate change in the large scale. In fact, 
since the last two decades, forest and land fires are not only a local or national disaster, but it also become an 
international problems. For example, the smoke spreads to over several countries around Southeast Asia, such as 
Singapore, Malaysia, and Brunei [1]. 
Government policies aim to develop the economy through the expansion of rubber and palm oil plantation 
established through the Master Plan for the Acceleration and Expansion of Indonesian Economic Development 
(MP3EI) 2011-2025. MP3EI states that the economic corridors of Sumatra should focus on three main economic 
activities: palm oil, rubber, and coal [2]. This has enhanced the chances of people to change the landscape across 
Sumatra, including Jambi. Jambi Province is one of the 10 provinces that were assigned by the Ministry of Forestry 
as a wildfire-prone-area. Fire occurs in both forest land and peat land. In fact, Jambi Province has the third largest 
peat land area in Sumatra, after Riau and South Sumatra. Peat land fires usually occur under ground. This bring more 
difficulties in extinguishing process and generate a huge amount of smoke. Thus, Jambi becomes one of the priority 
areas of forest fire control. 
Forest and land fires occurrence is triggered by natural and anthropogenic factors. Natural factors are related to 
climatic conditions, land, and natural fuel, whereas anthropogenic factors are associated with deliberate arson usage 
or accidental fires caused by human negligence. Worse condition can occur when deliberate arson is done during the 
dangerous time to burn.  
The purpose of this study is to determine better indicators for assessing the vulnerability of forest and land fires 
in Jambi Province using techniques of remote sensing and Geographic Information System (GIS). Parameters used 
are Normalized Difference Vegetation Index (NDVI), Normalized Difference Water Index (NDWI), air temperature, 
and surface temperature, derived from Landsat-5 TM data. 
2. Methodology 
2.1. Study Area 
Jambi is one of provinces in Indonesia, located between the latitudes of 0.45° N - 2.45° N and the longitudes of 
101.10° E - 104.55° E. The total area is around 51000 km2 and approximately 21794.4 km2 of its area is a forested. 
Jambi consists of 9 regencies, 1 city, and 1 municipality; they are Kerinci regency, Merangin, Sarolangun, Batang 
Hari, Muaro, West Tanjung Jabung, East Tanjung Jabung, Tebo, Bungo, Sungai Penuh city, and Jambi municipality 
[3]. The topography of this province generally varies from 0 meter up to 1000 meters above sea level. There are hills 
and mountainous areas mostly in Kerinci regency and small parts of Merangin and Sarolangun regency. 
2.2. Materials and Methods 
Landsat-5 TM data of 2000 and 2009 year were used with path/row 125/61, 125/62, 126/61, and 126/62 obtained 
from www.glovis.usgs.gov and the hotspot distribution map is downloaded from MODIS satellite year 2009 
(www.earthdata.nasa.gov site). Formerly, data is used to look at the change of characteristics of current burned area. 
MODIS data used at least should be year 2000 and 2009, adjusting with Landsat data. However, MODIS data is 
available from November 2000 for MODIS Terra and from July 2002 for MODIS Aqua. So, it is decided to use only 
year 2009 for MODIS hotspot data. In addition, digital base map of Indonesia obtained from BIG-Indonesia 
(Geospatial Information Agency) and soil type map of Jambi (RePPProt) is also used. 
This research was conducted in several steps as follows: 
 
2.2.1. Calculating estimated NDVI 
NDVI is a vegetation index developed by Rouse [4] that often uses on vegetation object in the field of remote 
sensing. According to Thoha [5], NDVI may represent fuel conditions, both in terms of the level of greenness of 
vegetation and the litter. The value is derived from the waves captured by the red and near infrared (NIR) band that 
each on Landsat-5 TM are band 3 (0.63-0.69 μm) and band 4 (0.76-0.90 μm). The function used such follow [6]: 
NDVI = (NIR-Red) / (NIR + Red) 
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NDVI values range from -1 to 1, the higher the NDVI value, the higher the level of greenness or canopy density. 
Negative NDVI describes the type of surface without vegetation, such as of water bodies or clouds. 
2.2.2. Calculating estimated NDWI 
NDWI first proposed in remote sensing techniques by Gao [7] to measure the water content in the vegetation. 
Then, Ho et al. [8] successfully developed NDWI to separate bodies of water and non-bodies of water. This index is 
estimated by using the near infrared band (Near-Infrared / NIR) and short infrared band (Short-Infrared / SWIR, 
band 4 (0.76-0.90 μm) and band 5 (1.55-1.75 μm) on Landsat-5 TM respectively. NDWI has the same range of 
values as NDVI, which is -1 to 1. The function used is: 
 
NDWI = (NIR-SWIR) / (NIR + SWIR) 
2.2.3. Calculating estimated surface temperature 
Surface temperature is the temperature at the outermost layer of a surface. Estimation of surface temperature is 
conducted by using thermal band. Thermal band on Landsat-5 TM data is band 6 (10.4-12.5 μm). First step to get 
the value is to calculate the brightness temperature. Brightness temperature is a calculation of thermal radiation 
intensity emitted by an object on the surface and it is derived from the value of the spectral radiance (Lλ) of the 
thermal band [9]. Formula of brightness temperature (TB) defined by the USGS [10] is: 
 
TB = K2 / ln ((K1 / Lλ) + 1) 
 
K1 and K2 are calibration constants, for Landsat TM K1 and K2 each worth 607.76 and 1260.56. Brightness 
temperature obtained is used in the surface temperature estimation function that is developed by Artist & Carnahan 
[11]: 
 
Ts = TB / (1 + (λTB / ∂) lnε 
 
Ts is the surface temperature in Kelvin; λ is the wavelength of the emission radiation of 11.5 μm; ∂ = 10-2u1.438 m 
K; and ε is the emissivity of the object that is worth 0.98 for the bodies of water, 0.96 for vegetation, and 0.92 for 
non-vegetation [12]. 
2.2.4. Calculating estimated air temperature 
Regional temperatures varies according to the characteristics of land cover and the position of The Sun upon the 
region [13]. Modified equation by Monteith & Unsworth [14] can be used to estimate air temperature: 
 
Ta = Ts - (H × raH) / (ρair × Cp) 
 
Ta is air temperature in Kelvin; H is sensible heat flux in Wm-2; Uair is density of moist air 1.27 kg m-3; Cp is 
specific heat capacity in constant air pressure of 1004 J kg-1 K-1; and raH is aerodynamic resistance that is worth 31.9 
u u-0.96, u is  normal wind speed at 1-2 meters above of top of vegetation canopy. According to Khomaruddin [15], 
normal wind speed at 1-2 meters above bodies of water is around 2.01 m s-1, above vegetation is around 1.41 m s-1, 
and above non-vegetation land is around 1.79 m s-1. 
2.2.5. Hotspot buffering 
Hotspot is a parameter derived from satellite data and may be indicated where the forest fire occurs [16]. 
Referring to the statement of Giglio et al. [17], a pixel is said to be the hotspot if it has a brightness temperature 
above 320 K. However, the fire may be too small or too cool to be detected in the 1 km2 MODIS footprint. Besides, 
the fire or hotspot occurrences will also affect its surrounding area. So, buffering method is used within 5 km2 range 
and results clusters consist of different number of hotspots. 
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2.2.6. Determining the level of  forest and land fires vulnerability 
Method of Weighted Linear Combination (WLC) is a common method to calculate index. Based on the analytic 
hierarchy process (AHP) proposed by Saaty [18], WLC consists of 3 levels. The first level is the determination of 
the weight of each indicator. The weights used in this study ranged between 0-1 with a total of all weights are equal 
to 1. There are 3 weighting scenarios: 1) four indicators have the same weight, 2) weight of NDWI is two times 
larger than the other weights, and 3) weight of NDVI < air temperature < surface temperature < NDWI. NDWI is 
given the highest weight because of its function in detecting water bodies. The existence of open water bodies will 
reduce the level of fire vulnerability. The surface temperature is given the second-highest weight because the surface 
temperature obtained from the absorption of solar radiation directly. Each fuel has a certain critical temperature to 
be burned. Air temperature also plays a role as fuel dryer. However, it is very dynamic and easily influenced by 
many factors [19], the air temperature is given less weight than the surface temperature. Then, NDVI is given the 
lowest weight due to it performs as a representation of the state of vegetation or litter [19]. The use of three 
scenarios is aimed to look at the consistency of the effect of each indicator to the fire vulnerability. 
 
Table 1. Weight of each indicator for each scenario 
Scenario Weight of  NDVI Weight of air temperature Weight of surface temperature Weight of NDWI Total 
I 0.25 0.25 0.25 0.25 1 
II 0.2 0.2 0.2 0.4 1 
II 0.1 0.2 0.3 0.4 1 
 
The second level is to standardize the values. Standardized value is used to overcome the difficulties caused by a 
different range of values from each indicator. The ranges of values of four indicators are standardized with the score 
range from 0 to 100. Scores are given according to their potential to fire vulnerability. The lower scores were given 
to the group of values that less affects the fire vulnerability. While the higher scores were given to value that can 
increase the fire vulnerability. Here is how the values of each indicator were being standardized: 
 
Indicator Score 
NDVI      
Value -1 -0.33  0.15 0.25 0.35 1 
Air Temperature      
Value (°C) -f 19 23 27 f 
Surface Temp.      
Value (°C) -f 20 25 30 f 
NDWI     
Value -1  0 0.15 0.3 1 
Color Score Color Score 
 25  75 
 50  100 
Fig. 1. Standardized values of each indicator 
Range of values filled with green color represents score of 25 as it has less contribution to fire occurrence, yellow 
color represents score of 50, orange color represents score of 75, and the red one represents the highest score worth 
100. 
The third level is the index calculations performed with the following formula: 
 
Index = Σ (weight × score) / Σ weight 
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The index has a value range from 0 to 100. Then, the values are classified into 4 levels of vulnerability: low 
vulnerability ranged between 0 and 24.9, moderate vulnerability ranged between 25 and 49.9, high vulnerability 
ranged between 50 and 74.9, and a very high vulnerability ranged between 75 and 100. The classification of forest 
and land vulnerability would be displayed visually on a map. 
2.2.7. Statistical test 
Regression analysis is performed in this study in order to see the effect or contribution of all four parameters to 
the fire vulnerability. Perceived value of the results of multiple regression analysis is R² or coefficient of 
determination. R² illustrates the percentage of data variability of the dependent variable that can be explained by the 
independent variables. 
3. Results and Discussion 
3.1. NDVI and Hotspot Distribution 
NDVI value extracted from Landsat-5 TM satellite data in 2000 ranged from -0.513 to 0.778, while in 2009 
ranged from 0.991 to 0.992. Increase in the range of NDVI values can be related to the land cover change to 
vegetation with higher canopy density. High vegetation density would elevates the amount of NIR radiation 
absorbed by the chlorophyll. This will cause the value of NDVI higher. 
Based on MODIS data obtained, hotspots are found on the areas with NDVI values between 0 and 0.7. Hotspots 
in 2000 mostly clustered in areas that have a value of NDVI about 0.5 to 0.7. Meanwhile, hotspots in 2009 are 
mostly in areas with NDVI 0.4 to 0.6. This indicates of high NDVI vegetation with higher density. Solar radiation 
would be difficult to penetrate the canopy. This condition will make the environment under the canopy becomes 
cool, and would be difficult to get burnt. However, the hotspots mostly appear on vegetation with a high canopy 
density. So this increases the possibility of burning in dense forest eventually. About 99% of the causes of forest and 
land fires in Indonesia caused by humans, either intentionally or unintentionally [20]. In accordance with the results 
of Junaedi [21], in Jambi mostly rubber or oil palm plantations began with land clearing activities. This activity is 
considered to be the most effective way to clear the land clearing in both primary and secondary forests. Primary or 
secondary forests can be shown by the high NDVI values obtained through the data processing. 
 
Fig. 2. Hotspot distribution against the value of NDVI 
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3.2. NDWI and Hotspot Distribution 
NDWI values obtained from band 4 and 5 of Landsat-5 TM. The values in year  2000 ranged from -0.56 to 0.98, 
while in 2009 ranged from -0.99 to 0.99. NDWI was valued 1 for water bodies, while -1 indicated that the surface 
does not contain any water. Changes in the range of NDWI value are related to the land cover changes. Increase in 
water bodies' area of in the period of 2000-2009 will lead to increase in the positive range of NDWI values. In 
contrast, an increasing area of open space, residential, and other developed areas will result in  NDWI value closer 
to -1. 
Based on the results of MODIS data analysis, hotspots are found on the areas with NDWI values ranged from 0 
to 0.25. More hotspots appear on areas with NDWI about 0.16 to 0.21 in 2000 and about 0.15 to 0.18 in 2009. Apart 
from distinguising water bodies or not, NDWI can also be used to determine water content in a canopy. The shift in 
the hotspots distribution to NDWI, as shown in Fig. 3, may indicate changes in the location of hotspots. The shift or 
change of NDWI in a negative way means that in 2009 the hotspots distribution is in areas with lower water content 
than in 2000. This can be caused by the land cover change which has impact on changes in the value of NDWI. 
Fig. 3. Hotspot distribution against the value of NDWI 
3.3. Ratio of NDVI-NDWI and Hotspot Distribution 
NDVI and NDWI can be used together to describe the characteristics of the vegetation in an area. The ratio 
between NDVI and NDWI (NDVI / NDWI) is associated with hotspots number to see the characteristics of the 
vegetation where the hotspots usually appear. Almost the entire ratio is above 1 because of the range of NDVI that 
up to three times greater than the range of NDWI. The ratio less than 1, which means NDVI is lower than NDWI, 
indicates the vegetated area with a high degree of wetness, such as a peat lands. It could be seen in Fig. 4 that 
hotspots appear more on the mineral soil (lighter green in Fig. 4) than peat lands (darker green in Fig. 4). Red dots 
are hotspots in year 2000, while the orange ones are hotspots in 2009. 
3.4. Surface Temperature and Hotspot Distribution 
The average surface temperature of Jambi Province increased from 21.6° C in 2000 to 22.5° C in 2009 (Fig. 5). 
Changes in surface temperature cannot be separated from land cover changes, particularly, vegetation and 
undeveloped areas (non-vegetation). The decrease in vegetation areas, followed by the increase in the non-
vegetation, would increase the average surface temperature. 
147 Annisa Nurdiana and Idung Risdiyanto /  Procedia Environmental Sciences  24 ( 2015 )  141 – 151 
Fig. 4. Hotspots distribution in mineral and peat lands 
 
Fig. 5. Hotspot distribution against the value of surface temperature 
 
 
Surface temperature is a good indicator related to water content. When a surface contains water, then most of the 
solar radiation that is received will be used for evaporation. Thus, the temperature in the upper layer of the surface 
will decrease. Whereas, on a vegetated areas, most of sun radiation will be used for evapotranspiration. Conversely, 
if a surface is less or has no water content, the solar energy will not be used for evaporation, but it will be 
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accumulated on the surface. Then this will cause the surface temperature to rise. In general, hotspots appeared in 
2000 and 2009 in areas with surface temperature about 18-28° C. Hotspots in 2000 spread on the wider range of 
surface temperature than in 2009. However, most of the hotspots in 2000 and 2009 appeared in areas with surface 
temperature about 24-26° C generally. 
3.5. Air Temperature 
Sensible heat flux (H) is very dependent on surface conditions. Sensible heat flux goes high in areas with dry 
conditions such as urban, because in urban areas latent heat flux that used for evaporation would be very small. In 
these conditions, the sensible heat flux can be an indicator for the highest urban temperatures, like at noon. In 
contrast, the energy flux in vegetation and water are mostly used for evaporation, so the heat flux will be less. This 
causes the air temperature above the vegetated areas and water will be lower at noon. The surface temperature more 
or less has an effect to the fluctuations in air temperature. Nonetheless, both of the actual values (air and surface 
temperature) may different one and another and vary over space and time. The air temperature will keep fluctuating 
over a period of 24 hours. Air temperature fluctuations related to the energy exchange process in the atmosphere. At 
noon, most of the solar radiation is absorbed by atmospheric gases and solid particles suspended in the atmosphere. 
Energy absorption of solar radiation will cause the temperature to rise. 
Just as the hotspots distribution on the surface temperature, hotspots distribution in 2000 appeared more 
dispersed mostly in areas with air temperature 13-25° C. However, more hotspots appeared in region with air 
temperature of 21-23° C. While hotspots in 2009 were appeared in the region with air temperature about 16-24° C. 
Meanwhile, the highest number was at a temperature of about 22-23° C. 
Fig. 6. Hotspot distribution against the value of air temperature 
It could be seen from Fig. 6 that air temperature increases from 2000 to 2009. This can be related to the land 
cover change occurred during this period, particularly the reduction of vegetation. Vegetation can reduce the 
temperature of the surrounding environment, because the received solar radiation absorbed by the canopy. If a 










































Fig. 7. The level of fire vulnerability of Jambi Province in 2000 (a, b, c) and 2009 (d, e, f) as results of 
scenario I (a, d), scenario II (b, e), and scenario III (c, f) 
3.6. Fire Vulnerability Level 
The level of fire vulnerability generated by the three weighting scenarios of WLC show different results, both in 
2000 and 2009. Scenario 3 with different weights for each parameter produces a higher vulnerability and more 
extensive than under scenario 1 and 2. Overall, it also can be seen in Fig. 7 that the vulnerability of land and forest 
fires from 2000 to 2009 increased. However, Fig. 7c showed that there are some errors in the map. The errors that 
displayed with a sharp-contrast-color were caused by the time difference in each scene. Because some of the 
Legend 
 Low vulnerability  High vulnerability 
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physical condition of the environment is very dynamic over time, so the time difference in the image will give an 
impact on any results of the study. 
Multiple regression analysis was performed to see the effect given by the jointly independent variables, which are 
NDVI, NDWI, surface temperature, and air temperature, to the dependent variable, which is the fire vulnerability. In 
general, four variables can be used to explain the diversity of fire vulnerability calculation in this study. This is 
indicated by the R² value that high enough to exceed 50%.  
 
Table 2. R2 resulted from multiple regression analysis on each scenario 
Scenario 
Determination coefficient (R2 (%)) 
2000 2009 
I 71.6 57.5 
II 72.6 61.7 
II 70.9 60.0 
 
3.7. Determining Indicators for Fire Vulnerability Assessment 
Determination of indicators is done by looking at the coefficient of determination (R²) to see how much variance 
of data from the dependent variable that can be explained by the independent variables. Based on the values shown 
in Table 3, the p-value of each indicator is below the significance level (0.05). This means that each indicator has a 
noticeable effect on the vulnerability of forest and land fires. Unlike the p-value, the difference is obviously showed 
on R² value. For example, the variance of fire vulnerability data by weighting scenario 1 that can be explained by 
NDVI is about 27.5%, 8.1% explained by air temperature, 8.8% explained by surface temperature, and 23.9% 
explained by NDWI. Similarly for scenario 2 and 3. In general, NDVI and NDWI have a higher R2 than others, 
which means NDVI and NDWI can explained more variance of fire vulnerability data. So, this result proves that the 
four parameters can be used as indicator for fire vulnerability, with NDVI and NDWI as the best indicators.  
 
Table 3. Results of simple analysis regression 
Indicators 
Scenario I Scenario II Scenario III 
P-value R2 (%) P-value R2 (%) P-value R2 (%) 
NDVI 0.000 27.5 0.000 21.9 0.000 9.1 
Air temperature 0.000 8.1 0.000 3.1 0.000 5.1 
Surface 
temperature 0.000 8.8 0.000 3.9 0.000 12.6 
NDWI 0.000 23.9 0.000 44.8 0.000 43.4 
4. Conclusion 
Changes in land cover conditions will be followed by changes in environmental conditions. Based on this 
research, it also triggers a change in the level of vulnerability of land and forest fires. NDVI, NDWI, surface 
temperature, and air temperature are the parameters used in this study that could explain more than 50% of the fire 
vulnerability. However, NDVI and NDWI provide greater contribution to the vulnerability of forest and land fire 
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